In this study, a cationic soluble peroxidase (POD) was homogeneously purified and biochemically characterized. The enzyme purification involved the combination of (NH 4 ) 2 SO 4 precipitation, CM-Sephadex cation exchange, and gel filtration chromatography. The purity of the enzyme was examined by sodium dodecyl sulphate-polyacrylamide gel electrophoresis, and one single prominent band was obtained with a molecular weight of approximately 45 kDa. The thermal and pH stability showed that the enzyme was stable at pH 5.0 and at 40°C, respectively. The activity remained stable at pH 4.0 at least for 10 days. K m and V max values were calculated from Lineweaver-Burk graph for each substrate. POD exhibited K m values of 0.0154 and 0.065 mM for guaiacol and H 2 O 2 , respectively. The enzyme was highly inhibited by sodium azide. This study could enrich the literature regarding the properties of POD from haricot bean that could be applicable to biomedical analysis.
Introduction
Peroxidase (POD, E.C. 1.11.1.7) is a haeme-containing enzyme that catalyses the oxidation of a wide-range electron donating substrate with hydrogen peroxide (H 2 O 2 ). [1] It is widely distributed in plant kingdom and plays role in oxidation and polymerization of phenols and aromatic rings. POD has great importance in cellular functions such as lignification, cell elongation, growth, wound healing, and biosynthesis of cell walls. [2] It has been also shown that POD expression locally increases in some plant tissues under pathological conditions. [3] PODs could be anionic or cationic, which have been related to pathogens and embryogenesis, respectively. [4] POD has attracted attentions because of its common use in various applications including biosensors, ELISA kits, and remedification of odour smells. Also, lactoperoxidase, which is a POD enzyme secreted from mammary, salivary, and other mucosal glands, was extensively researched [5] because of its function as a natural antibacterial agent. [6] Extraction and purification of an enzyme is one of the important steps to obtain the product without losing its biochemical properties during the bioprocessing. The requirement of a successful purification is to achieve maximum yield with minimum cost. Therefore, rapid and effective purification steps are of interest to reduce the cost and increase the possibility of daily use. Although POD is ubiquitously found in plant, the commercially available POD is produced from the roots of horseradish. [7] However, plant PODs are known to have a wide range of isoenzymes that could differ in terms of thermal stability, optimum pH, and substrate specificity. [8] Significant improvements were archived through purification and characterization of POD from different species to find new ones, which might be stable at extreme conditions such as low pH or high temperature. POD was purified from different species including wheat [9] , Brassica oleracea, [1] and sweet gourd. [2] Although haricot bean POD was partly purified, [10] the complete purification and characterization have not been performed yet. We focused the variety of Phaseolus vulgaris, since it is largely produced in the province of Erzincan, which contributes an important part of haricot production in Turkey.
The current work deals with the purification of POD from easily available haricot bean with an inexpensive extraction procedure. In this study, we aimed to purify and characterize haricot bean POD to discover new potential source of POD that could be useful in food industry and biochemical applications. We also studied kinetic and inhibition properties of haricot bean POD.
Materials and methods

Plant materials
Haricot beans (Phaseolus vulgaris L.) were thoroughly washed with distilled water. Beans were frozen in liquid nitrogen and grounded to a fine powder with pestle and mortar chilled in liquid nitrogen. The bean powder was stored −20°C until the enzyme extraction was carried out.
Ammonium sulphate precipitation and dialysis
For the first step of the purification, powdered sample (20 g) was suspended in phosphate buffer (pH 7.5, 0.1 M) and the homogenate was incubated at 20°C for 30 min. After removing the debris via filtration through Whatman filter paper (No. 1), the sample was centrifuged at 8000×g for 30 min at 4°C using refrigerated table top centrifuge. [11] The pellet was discarded and supernatant was collected and referred to as "sample extract." Finely ground weighed ammonium sulphate was added to the sample extract with constant stirring in ice. Fractionation of proteins involved 0-10% to 70-80% saturation with ammonium sulphate, and after each saturation, sample extract was centrifuged for 45 min at 12,000 × g. Supernatant was kept, and the resulting pellet was dissolved in 2 mL phosphate buffer (pH 7.0, 0.1 M). The fraction with maximum POD activity was taken and dialysed in a dialysis tube against 100 mM phosphate buffer (pH 7.0, 1 mM NaCl), for 24 h.
Preparation of CM-Sephadex A-50 ion-exchange chromatography material
For further purification, the sample was applied onto the carboxymethyl (CM)-cellulose column preequilibrated with Tris-HCl (0.1 M, pH 9.0). The column was washed with 250 mL of the phosphate buffer, and the retained material was eluted using a continuous linear gradient of NaCl (1.0 M) with the same buffer at a flow rate of 15 mL.h −1 . The fractions (3 mL.tube
) were collected and immediately analysed for POD activity. The protein content of the fractions was determined by recording the absorbance at 280 nm. Following the purification procedure described above, aliquots showing the highest POD activity were combined and electrophoresis was performed. Our primarily result showed that POD activity is lost, if the sample is stored at 4°C until use (data not shown). Therefore, after ion-exchange chromatography, the fractions showing the highest POD activity were pooled and the sample was immediately applied ion gel filtration chromatography.
Gel filtration chromatography
Gel filtration chromatography was performed using a calibrated Sephadex G-250 column equilibrated with 6 mM phosphate buffer at 4°C. [11] POD was eluted with a linear 0-100 mM NaCl gradient at a flow rate of 15 mL/h. The fractions of 3 mL were collected and followed by measuring absorbance at 280 nm for qualitative protein determination and 470 nm for POD activity determination.
Protein electrophoresis
In order to check the success of the purification and molecular weight of POD, sample with the highest POD activity obtained from gel filtration chromatography was loaded to sodium dodecyl sulphate (SDS) gel electrophoresis using 12.5% and 4% stacking polyacrylamide slab gels according to Laemmli [12] as described previously in detail. [13] The gel was run at constant current of 80 V per gel for 3 h followed by 110 V until the tracking dye reached the bottom of the plate. Protein bands were visualized using Coomassie Blue staining. [14] Peroxidase activity Measurement of POD activity is based on absorbance reading of tetra guaiacol formation in the presence of guaiacol and hydrogen peroxide within 2 min. Briefly, 1.0 mL of 45 mM guaiacol and 1.0 mL of 22.5 mM hydrogen peroxide in 0.1 M phosphate buffer pH 7 at 4 ºC was mixed and the reaction was started by adding 50 μL of POD solution. Increases in the absorbance were recorded spectrophotometrically at 470 nm. One unit of enzyme activity was defined as the amount of enzyme that catalyses the production of 1.0 mmol of tetraguaiacol per minute. [15] K m and V max determination For determination of Michaelis constant (K m ) and maximum velocity (V max ) of POD, enzymatic activity was measured using different concentrations of guaiacol and hydrogen peroxide. [16] K m and V max values of POD were calculated by plotting 1/V o versus 1/S by the method of Lineweaver and Burk as shown below:
where [S] is the concentration of the substrate and V o is the initial reaction rate (EU.mL
), V max is the maximum rate, and K m is the Michaelis-Menten constant (mM). [17] Stability and optimal temperature and pH determination In order to achieve optimum pH conditions, the following buffer systems were used: pH of 3.5-4.5 with acetate; pH 5.0-7.0 phosphates; and pH 7.5-9.0 with Tris buffer. POD activity as a function of temperature was also assessed at various temperatures at 40°C and 50°C at optimum pH. Before induction of the enzyme, compounds in test tube (substrate and buffer) were heated in a water bath to reach the desired temperature. POD activity under the conditions mentioned above was measured in experimental level of day 0, 2, 4, 6, 8, 10, and 12 using guaiacol as substrate.
Vitro inhibition assay
The in vitro inhibition of haricot bean POD by different inhibitors was also determined. The purified POD was mixed with various inhibitors at different concentrations (Table 1) for 3 min at room temperature. The remaining specific activities were measured using guaiacol as substrate.
Protein assay
Total protein content was determined according to Braford method [18] using bovine serum albumin (BSA) as standard. [19] In this assay, the colour of the complex formed by the reaction of Coomassie Brilliant Blue G-250 agent with proteins in the presence of phosphoric acid is measured at 595 nm.
Samples were prepared in triplicate and BSA was used as standard. [20] For qualitative measurement of the proteins, absorptions of eluates from chromatography were recorded at 280 nm. [21] Result and discussion
Enzyme purification
In this study, POD from haricot bean was successfully purified through a procedure consisting of ammonium sulphate precipitation, gel filtration, and CM-Sephadex cation-exchange chromatographies. The specific activity, purification fold, and the yield (%) for each step are presented in Table 1 .
Ammonium persulfate precipitation
In the first step of purification, crude extract of POD was precipitated with ammonium sulphate and different factions were obtained from 20% to 70%. After the addition of ammonium sulphate to the extract at each interval, sample was centrifuged and the pellet was solubilized in Tris-HCl buffer. POD activities of both precipitate and supernatant from all fractions were measured. Significantly higher POD activity was detected in the supernatant of first fraction and decreased by the following fractions ( Figure 1A) . Precipitation in the range of 50-60% saturation resulted in a substantial increase in POD activity in the pellet and removal of great amount of other proteins. Therefore, intervals of 50-60% ammonium sulphate saturation were chosen for further purification steps.
Before loading the sample to ion-exchange chromatography, the sample was dialysed to remove the salt. In the literature, ammonium sulphate precipitation is a still widely used technique to partly purify the protein of interest. For example, ammonium sulphate saturation was used for purification of POD from horseradish cv Balady [22] , cabbage leaves, [23] or Turkish black radish. [24] There are also other studies where, instead of ammonium sulphate, acetone is used, which was claimed to remove colour material that tended to clog in the ion-exchange column chromatography. [25] In order to increase the efficacy of the purification steps and to remove large amounts of phenols that are present in the sample, previously partial purification of POD from Metroxylon sagu was also performed via the combination of temperature-induced phase partitioning ion-exchange and gel filtration chromatography. In this method, the extract POD is obtained via the addition of insoluble poly(vinylpyrrolidone) and Triton X-100 in 50 mM phosphate buffer (pH 7.5). However, it does not appear to be always effective, since increasing Triton X-100 concentration did not change the activity of POD activity from sweet potato tubers. [26] 
Cation-exchange chromatography
The second step of the purification was cation-exchange chromatography as shown in Figure 1B . For each fraction, POD activity and the amount of protein were spectrophotometrically measured at 470 nm and 280 nm, respectively. After the analysis, the chromatography resulted in only one peak with POD activity, consisting the fractions of 19, 20, and 21 which were pooled together and loaded to gel filtration chromatography. The result of the purification of POD from haricot bean is shown in Table 1 and Figure 1B . This elution profile showed that the enzyme possess a net cationic charge that allowed it to be retained in negatively charged surface. Ion-exchange chromatography is especially useful to study different isoforms of POD with charged surface. For example, using ion-exchange chromatography, it has been shown that wheat bran, [3] and Copaifera langsdorffii [8] indicated only one peak for PODs, whereas broccoli stems [27] contained three POD isoenzymes with three peaks in elution profile.
Gel filtration chromatography
The third step of purification involved gel chromatography. The elution profile is shown in Figure 1C . Only one peak was obtained through this step, which suggests that the enzyme is successfully obtained. The sample only exhibited 2.26 U/mg specific activity, which shows that haricot bean POD is not quite stable during the procedure of the purification. However, using the same techniques presented in this study, garlic POD and ber fruit PODs were obtained with 25.256 U/mg [28] and 804.9 U/mg specific activities.
Molecular weight and purity
The purity and M w of POD were determined by SDS-polyacrylamide gel electrophoresis (PAGE). [29, 30] POD showed a distinct band between 50 and 35 kDa standard proteins markers and M w of the purified POD was estimated as 45 kDa relative to the standard molecular weight (Figure 2 ). Molecular weight of most plant PODs were reported between 30 and 60 kDa, which could be due to differences in amino acid sequence or the degree of glycosylation. [31] For example, molecular weight of POD was 44 kDa for cauliflower, [18] 38 kDa for artichoke, [32] 50 kDa for windmill palm tree, and 39 kDa for chickpea cultivar. [33] POD could be monomer such as found in Chlorella vulgaris or homotetramer such as found in oil from palm leaf. [34] Characterization studies Optimum pH and pH stability pH is crucial since it determines the ionization state of amino acid side chain on the enzyme and substrate. The effect of pH on the activity of POD is shown in Figure 3A . With the guaiacol as a substrate, the optimum catalytic pH of POD was found to be 5.0. We also looked at pH stability over the course of 2 weeks and found that POD was stable up to 14 days at pH 5.0 ( Figure 3B) . However, the enzyme was fairly unstable at pH 4.0, pH 6.0, and pH 7.0. There was almost no activity after day 8 at those pH values. However, there are reports showing that the optimum pH of POD varies; for example, it is pH 5.0 for bitter gourd [35] and pH 7.0 for Raphanus sativus [36] and between pH 5.3-6.3 for wheat germ. [37] Optimum temperature profile and thermal stability For determination of thermal and storage stability, POD activities were measured at different temperatures. As shown in Figure 3C , POD was stable at 10 and 20°C and showed highest activity at 30 o C. After that point, the enzymatic activity was gradually lost at 40°C and no activity was detected at 50 and 60°C ( Figure 3C ). We also investigated the thermostability of crude enzyme extract, as a function of two different temperatures during 60 min ( Figure 3D ). The POD extracted showed maintained activity at 30 o C even after 60 min, whereas the activity of POD at 40°C declined in the first 10 min and continued to gradually decline in 60 min ( Figure 3D ). There are some PODs, which are stable at even at 60°C such as spinach. [38] Turnip POD was also found to be stable at 50°C and its activity was slightly decreased at 60°C. [5] Interestingly, intracellular POD from genetically transformed roots of red beet maintained 95% of its activity at 50°C and, once it was purified; more than 70% of its activity is retained at 70°C. [39] 
Effect of ionic strength
The optimum ionic strength for POD activity was determined by measurement of the enzymatic activity with different NaCl concentrations. As seen in Figure 3E , the addition of salt did not significantly affect the activity of POD, although slightly higher activity was observed at 0.3 mM NaCl concentration. Previous studies indicated that high concentration of NaCl (2.5 M) resulted in 44% enhancement in POD activity from Jatropha curcas. [40] Similarly, POD from Leucaena leucocephala leaves has been reported to have optimum ionic strength at 3.0 M NaCl concentrations. [41] 
Kinetic studies
Substrate specificity, Km and Vmax In order to determine the K m and V max for POD, the Michaelis-Menten and double reciprocal plots were constructed using guaiacol and H 2 O 2 as substrate at various concentrations ( Figures 4A and B) . The calculated K m for guaiacol and H 2 O 2 were 0.0154 mM and 0.065 mM, respectively. In the literature, K m values reported as 0.08 mM and 8.4 µM for horseradish POD [42] and Turkish black radish POD, [24] respectively.
Effect of various chemicals on POD enzyme activity
Studies on the inhibition of POD have been also investigated using different inhibitors, namely citric acid, EDTA, CTAB, and sodium azide on the activity of POD ( Table 2 ). The most effective inhibitor was found to be sodium azide by 99% inhibition at 5 mM concentration. CTAB was a weak inhibitor as compared to sodium azide at 20 mM concentration.
Conclusion
Due to the ability of catalysing a wide range of biochemical reaction, POD is a valuable enzyme in industry. The discovery of POD sources with different characteristics is important to provide new sources for future applications. In this study, a novel POD was purified from haricot bean (Phaseolus vulgaris L.) and its optimum catalytic and kinetic activities were investigated. The comparison of enzyme characteristics was similar to those reported in the literature. Information provided here could be useful for purification of POD from a different source and for application that POD is utilized. The authors declare that no conflict of interest. 
